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57 ABSTRACT

A package includes a package component, which further
includes a top surface and a metal pad at the top surface of
the package component. The package further includes a
non-reflowable electrical connector over and bonded to the
metal pad, and a molding material over the package com-
ponent. The non-reflowable electrical connector is molded
in the molding material and in contact with the molding
material. The non-reflowable electrical connector has a top
surface lower than a top surface of the molding compound.

20 Claims, 7 Drawing Sheets

52 56

st

ATV TR A
A

L

ns0s0s0s|

16



US 9,935,091 B2
Page 2

(60)

(1)

(52)

Related U.S. Application Data

Provisional application No. 61/783,050, filed on Mar.
14, 2013.

Int. CL.

HOIL 25/07 (2006.01)
HOIL 25/10 (2006.01)
HOIL 23/498 (2006.01)
HOIL 21/48 (2006.01)
HOIL 21/56 (2006.01)
HOIL 23/14 (2006.01)
HOIL 23/00 (2006.01)
HOIL 21/60 (2006.01)
U.S. CL

CPC ........... HOIL 23/147 (2013.01); HOIL 24/16

(2013.01); HOIL 24/32 (2013.01); HOIL 24/48
(2013.01); HOIL 2021/60045 (2013.01); HOIL
2021/60135 (2013.01); HOIL 2224/16225
(2013.01); HOIL 2224/32225 (2013.01); HOIL
2224/48091 (2013.01); HOIL 2224/48227
(2013.01); HOIL 2224/73265 (2013.01); HOIL
2225/1023 (2013.01); HOIL 2225/1058
(2013.01); HOIL 2924/00014 (2013.01); HOIL
2924/01322 (2013.01); HOIL 2924/12042
(2013.01); HOIL 2924/1533 (2013.01); HOIL

2924/15311 (2013.01); HOIL 2924/181
(2013.01); HOIL 2924/18161 (2013.01)

(56)
U.S.

7,777,351 Bl 8/2010
8,012,797 B2 9/2011
8,390,108 B2* 3/2013
8,421,203 B2* 4/2013
9,006,032 B2* 4/2015
2005/0121764 Al 6/2005
2008/0017968 Al 1/2008
2008/0073769 Al*  3/2008
2009/0146301 Al 6/2009
2010/0105173 Al 4/2010
2010/0117218 Al 5/2010

References Cited

PATENT DOCUMENTS

Berry et al.

Shen et al.

ChO voeeeiiieee HOIL 25/16
257/686

Chi oo, HOIL 23/3128
174/254

Cheng ......cccceeue. HO1L 23/3114
257/686

Mallik et al.

Choi et al.

WU HOIL 21/56
257/686

Shimizu et al.

Fujimori

Park et al.

FOREIGN PATENT DOCUMENTS

KR 20080007893 A
KR 1020100009941 A
KR 1020100053762 A

* cited by examiner

1/2008
1/2010
5/2010



US 9,935,091 B2

Sheet 1 of 7

Apr. 3,2018

U.S. Patent

—91

pecercceccrcs: TR e s M v s | = 3BT TR

e B AR oy T veosowcc I

N ./%/ ff xf// XM../“%/ ff xx/..
N SN NN ¢ AN




US 9,935,091 B2

Sheet 2 of 7

Apr. 3,2018

U.S. Patent

e, .u w ..... ._—

»




US 9,935,091 B2

Sheet 3 of 7

Apr. 3,2018

U.S. Patent

¢ 31

BEERses I s soa NI Dsnatsner I oRanitn | .. i .... e T psnesnes |
m_ o mﬂ ‘w..........w..nn..h i e % .. .. .. I
EaNA Y AN N A N T R N : WD
fffffff N
- ... A WA
xxxxxxxxx
ettt bl ,././..‘ xxxxxxxx 4ot

s>l 3 (01




US 9,935,091 B2

Sheet 4 of 7

Apr. 3,2018

U.S. Patent

..J_

m...

PRGOSO |

\

M...W

.\‘_H

> 01




US 9,935,091 B2

Sheet 5 of 7

Apr. 3,2018

U.S. Patent

,Mm m

reithoy u. y

._7//

> 001




US 9,935,091 B2

I /...H,.”.”H... - . Ll 1
” BN

Sheet 6 of 7

Apr. 3,2018

U.S. Patent




U.S. Patent Apr. 3, 2018 Sheet 7 of 7 US 9,935,091 B2




US 9,935,091 B2

1

PACKAGE-ON-PACKAGE STRUCTURES
AND METHODS FOR FORMING THE SAME

PRIORITY CLAIM AND CROSS-REFERENCE

This application is a divisional of U.S. patent application
Ser. No. 13/922,117, entitled “Package-on-Package Struc-
tures and Methods for Forming the Same,” filed on Jun. 19,
2013, which application claims the benefit of U.S. Provi-
sional Application No. 61/783,050, filed on Mar. 14, 2013,
and entitled “Package-on-Package Structures and Methods
for Forming the Same,” which application is hereby incor-
porated herein by reference.

BACKGROUND

In a conventional Package-on-Package (PoP) process, a
top package, in which a first device die is bonded, is further
bonded to a bottom package through solder balls. The
bottom package may also include a second device die
bonded therein. The second device die may be on the same
side of the bottom package as the solder balls.

Before the bonding of the top package to the bottom
package, a molding compound is applied on the bottom
package, with the molding compound covering the second
device die and the solder balls. Since the solder balls are
buried in the molding compound, a laser ablation or drilling
is performed to form holes in the molding compound, so that
the solder balls are exposed. The top package and the bottom
package may then be bonded through the solder balls in the
bottom package.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments,
and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIGS. 1 through 6B are cross-sectional views of interme-
diate stages in the manufacturing of a package-on-package
structure in accordance with some exemplary embodiments.

DETAILED DESCRIPTION

The making and using of the embodiments of the disclo-
sure are discussed in detail below. It should be appreciated,
however, that the embodiments provide many applicable
concepts that can be embodied in a wide variety of specific
contexts. The specific embodiments discussed are illustra-
tive, and do not limit the scope of the disclosure.

A Package-on-Package (PoP) structure and the method of
forming the same are provided in accordance with various
embodiments. The intermediate stages of forming the PoP
structure are illustrated in accordance with some embodi-
ments. The variations of the embodiments are discussed.
Throughout the various views and illustrative embodiments,
like reference numbers are used to designate like elements.

Referring to FIG. 1, package component 10 is provided.
In some embodiments, package component 10 is package
substrate, and hence throughout the description, package
component 10 is referred to as package substrate 10,
although it can be of other types. In alternative embodi-
ments, package component 10 comprises an interposer.
Package component 10 may be a part of a package compo-
nent that includes a plurality of identical package compo-
nents 10. For example, package component 10 may be a
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package substrate, and is located in an un-sawed package
substrate strip that comprises a plurality of package sub-
strates formed as an array.

Package substrate 10 may comprise substrate 18 that is
formed of a dielectric material. Alternatively, substrate 18
may be formed of other materials such as a semiconductor
material, for example, silicon. In some exemplary embodi-
ments, substrate 18 is a build-up substrate that is built on a
core, as shown in FIG. 1. Alternatively, substrate 18 may be
a laminate substrate which includes laminated dielectric
films adhered together through lamination. When substrate
18 is formed of a dielectric material, the dielectric material
may comprise composite materials that are mixed with glass
fiber and/or resin.

Package substrate 10 is configured to electrically couple
electrical connectors 12 on first surface 10A to conductive
features 16 on second surface 10B, wherein surfaces 10A
and 10B are opposite surfaces of package substrate 10.
Electrical connectors 12 and conductive features 16 may be
metal pads, for example, and hence are referred to as metal
pads 12 and 16, respectively. Package substrate 10 may
include conductive connections such as metal lines/vias 14,
which may further comprise through-vias penetrating
through substrate 18.

In some embodiments, solder paste 22 is coated on some
or all metal pads 12. Next, as shown in FIG. 2, electrical
connectors 24 are bonded on metal pads 12. The bonding
may include placing electrical connectors 24 on solder paste
22, and heating package substrate 10, so that electrical
connectors 24 are secured on metal pads 12. Electrical
connectors 24 are electrically connected to metal pads 12,
wherein solder paste 22 provides the securing force to fix
electrical connectors 24. In addition, solder paste 22 helps in
providing an electrical connection between electrical con-
nectors 24 to the underlying metal pads 12.

In some embodiments, electrical connectors 24 are non-
reflowable metal balls. Electrical connectors 24 do not melt
under the temperatures that are typically used for melting
solders, which temperatures may be in the range of about
200° C. to about 280° C., for example. In accordance with
some embodiments, electrical connectors 24 are copper
balls, aluminum balls, or the like. Electrical connectors 24
may also include metals selected from the group consisting
essentially of copper, aluminum, nickel, platinum, tin, tung-
sten, and alloys thereof. The shapes of electrical connectors
24 may be near-perfect ball shapes in some embodiments,
except that the formation of balls may have process varia-
tions. After the bonding of electrical connectors 24, electri-
cal connectors 24 may remain to have a ball shape, with the
bottom end of each of the balls 24 contacting the respective
underlying metal pad 12 through a point, although the balls
may also be spaced apart from the underlying metal pads 12
by a thin layer of solder paste 22. The bottom surface (which
is a part of a near-perfect surface of a ball) of each of
electrical connectors 24 is also electrically coupled to the
respective underlying metal pad 12 through solder paste 22,
and also possibly through the contacting point.

In alternative embodiments, electrical connectors 24 are
solder balls, which may comprise either eutectic solder or
non-eutectic solder. When formed of solder, the bonding of
electrical connectors 24 includes a reflow process, wherein
the solder-containing electrical connectors 24 are reflowed.
In these embodiments, solder paste 22 may not be used.
Instead, a flux (not shown) may be applied to improve the
reflow.

Referring to FIG. 3, package component 20 is bonded to
package substrate 10 through metal pads 12. Hence, bottom
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package 100, which includes package substrate 10 and die
20, is formed. Package component 20 may be a device die,
and hence is alternatively referred to as die 20 hereinafter,
although it may also be another type of package component
such as a package. Dies 20 may be a circuit die comprising
integrated circuit device (not shown) such as transistors,
capacitors, inductors, resistors, and/or the like. Furthermore,
die 20 may be a logic circuit die such as a Central Com-
puting Unit (CPU) die. The bonding of die 20 to metal pads
12 may be achieved through solder bonding or direct metal-
to-metal bonding (such as copper-to-copper bonding).

Referring to FIG. 4, molding material 28 is molded on die
20 and package substrate 10. A curing process is performed
after molding material 28 is applied. Molding material 28
may include a filler, a polymer, and a hardener in accordance
with some embodiments. In an exemplary embodiment, the
polymer may be a molding compound, an underfill, a
Molding Underfill (MUF), an epoxy, or the like. In some
embodiments, molding material 28 has its top surface 28A
level with the top surface 20A of die 20, and hence die 20
is exposed through molding material 28. In alternative
embodiments, molding material 28 may fully encapsulate
die 20 therein, with a portion of molding material 28 being
overlapping die 20. In yet alterative embodiments, molding
material 28 may encircle and be in contact with the lower
part of die 20, while the upper part of die 20 is over top
surface 28A of molding material 28.

The top portions of electrical connectors 24 are over top
surface 28A of molding material 28. In some exemplary
embodiments, height H1 of the upper portions of electrical
connectors 24 that are over top surface 28A is greater than
about Y4, or greater than about %3, of height H2 of electrical
connectors 24. Ratio H1/H2 may also be close to 0.5 in some
embodiments.

Referring to FIG. 5, the top portions of electrical connec-
tors 24 are removed. The bottom portions of electrical
connectors 24 remain un-removed, and hence electrical
connectors 24 become partial balls. In some embodiments,
the removal of electrical connectors 24 is performed by
generating electrical arc 30 between electrical connectors 24
and electrodes 32. The temperature of electrical arc 30 may
cause the exposed surface portions of electrical connectors
24 to rise to a very high temperature, for example, between
about 8,000° C. and about 12,000° C., and hence the surface
portions of electrical connectors 24 are evaporated. In accor-
dance with some embodiments, to generate electrical arc 30,
a plurality of electrodes 32, which are formed of metal, are
placed over, and are aligned to electrical connectors 24.
Each of the electrical connectors 24 that is intended to have
it top portion removed is aligned to one of the electrodes 32.
Voltage Varc is applied between electrodes 32 and electrical
connectors 24 in order to generate electrical arc 30, wherein
voltage source 36 is electrically coupled to electrodes 32 and
electrical connectors 24 to provide voltage Varc therebe-
tween. Voltage Varc may range from, for example, about 50
V to about 500 V, although different voltages may be used.

In some embodiments, electrical connectors 24 are elec-
trically grounded, for example, through bottom metal pads
16 and bottom electrode 34, which electrically connect
metal pads 16 to voltage source 36. Since metal pads 16 are
electrically connected to electrical connectors 24, connec-
tors 24 are electrically coupled to voltage source 36. During
the generation of electric arc 30, electrodes 32 may be
controlled to approach electrical connectors 24. The electri-
cal fields between electrodes 32 and electrical connectors 24
accordingly rise, and eventually electrical arc 30 occurs
when the distances between electrodes 32 and electrical
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connectors 24 are short enough. After the top portions of
electrical connectors 24 are removed, electrodes 32, 34, and
voltage source 36 are taken away.

In some embodiments, after the top portions of electrical
connectors 24 are removed, the resulting top surfaces 24A of
electrical connectors 24 are non-planar. For example, top
surfaces 24A may be rounded, with the lowest points close
to the centers of the respective top surfaces 24A. Further-
more, at least parts of top surfaces 24A may be lower than
top surface 28A of molding material 28. In some embodi-
ments, the entireties of electrical connectors 24 are level
with or lower than top surface 28A of molding material 28,
which means that the entities of top surfaces 24A are level
with or lower than top surface 28A of molding material 28.

FIGS. 6 A and 6B illustrate the bonding of top package 50
to bottom package 100. The resulting structure is hence a
PoP structure. For example, referring to FIG. 6A, top
package 50 is first placed over package substrate 10. Top
package 50 may be a package that includes device die 52 and
package substrate 54, wherein device die 52 is bonded to
package substrate 54. In some exemplary embodiments,
device die 52 is a memory die such as a Static Random
Access Memory (SRAM) die, a Dynamic Random Access
Memory (DRAM) die, or the like. Furthermore, molding
material 56 may be pre-molded on device dies 52 and
package substrate 54 before the bonding of top package 50
to package substrate 10.

In some embodiments, top package 50 includes electrical
connectors 58 at the bottom surface of top package 50. The
positions of electrical connectors 58 are aligned to the
positions of electrical connectors 24. Since electrical con-
nectors 24 are recessed below the top surface 28A of
molding material 28, electrical connectors 58 may be settled
in the recesses easily, and hence top package 50 does not
slide with relative to bottom package 100. Furthermore,
since electrical connectors 24 are recessed, the total thick-
ness of the resulting PoP structure is reduced. In some
embodiments, electrical connectors 58 comprise solder, and
may be solder balls. In alternative embodiments, electrical
connectors 58 may comprise non-reflowable portions such
as metal pillar or a metal pad. The non-reflowable portions
of electrical connectors 58 may be formed of a material
selected from the same candidate materials of non-reflow-
able electrical connectors 24. Furthermore, electrical con-
nectors 58 may comprises solder caps on the surface of the
non-reflowable portion.

Referring to FIG. 6A, in the embodiments in which
electrical connectors 24 are non-reflowable, the solder in
electrical connectors 58 are reflowed, during which time
electrical connectors 24 are not reflowed. The resulting
electrical connectors 58 bond electrical connectors 24 to top
package 50. After the retflow, electrical connectors 58 have
the bottom surfaces fitting the shapes and the profiles of the
top surfaces of electrical connectors 24.

Referring to FIG. 6B, in the embodiments in which
electrical connectors 24 comprise solder, after a reflow
process, the solder in solder balls 58 is merged with the
solder in electrical connectors 24 to form solder regions 60,
which join top package 50 to package substrate 10.

In the embodiments of the present disclosure, by remov-
ing the top portions of the electrical connectors in the bottom
package, the overall height of the PoP structure is reduced.
Furthermore, non-reflowable metal balls are used in the
bottom package. As a result, the pitch of the electrical
connectors bonding the top package to the bottom package
may be reduced since the sizes and the shapes of the
non-reflowable metal balls are easy to control.



US 9,935,091 B2

5

In accordance with some embodiments, a package
includes a package component, which further includes a top
surface and a metal pad at the top surface of the package
component. The package further includes a non-reflowable
electrical connector over and bonded to the metal pad, and
a molding material over the package component. The non-
reflowable electrical connector is molded in the molding
material and in contact with the molding material. The
non-reflowable electrical connector has a top surface lower
than a top surface of the molding compound.

In accordance with other embodiments, a package
includes a package substrate comprising a top surface, and
a metal pad at the top surface of the package substrate. A
partial metal ball is disposed over and bonded to the metal
pad, wherein the partial metal ball is formed of a non-
reflowable material. A die is over and bonded to the package
substrate. A molding material is disposed over the package
substrate, wherein the partial metal ball and a lower portion
of the die are molded in the molding material.

In accordance with yet other embodiments, a method
includes molding a molding material over a package sub-
strate to form a bottom package, wherein an electrical
connector of the bottom package is exposed through a top
surface of the molding material. A top portion of the
electrical connector is then removed using an electrical arc,
wherein a bottom portion of the electrical connector remains
after the step of removing.

Although the embodiments and their advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine,
manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary
skill in the art will readily appreciate from the disclosure,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps. In addition, each claim constitutes a
separate embodiment, and the combination of various claims
and embodiments are within the scope of the disclosure.

What is claimed is:

1. A method comprising:

encapsulating a device die over a package substrate in an

encapsulating material to form a first package, wherein
a first electrical connector of the first package is
exposed through a top surface of the encapsulating
material; and

removing a top portion of the first electrical connector

using an electrical arc, wherein a bottom portion of the
first electrical connector remains after the top portion of
the first electrical connector is removed.

2. The method of claim 1 further comprising bonding a
top package component to the package substrate, wherein
the top package component is bonded to the package sub-
strate through the first electrical connector.

3. The method of claim 1, wherein the removing the top
portion of the first electrical connector is performed until a
portion of a top surface of the first electrical connector is
lower than the top surface of the encapsulating material.
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4. The method of claim 1, wherein the first electrical
connector comprises a solder region, and the method further
comprises:

placing a solder ball over a metal pad of the package

substrate; and

before the encapsulating the device die, reflowing the

solder ball to form the first electrical connector.

5. The method of claim 1, wherein after the removing the
top portion of the first electrical connector, an entirety of a
top surface of a remaining portion of the first electrical
connector is lower than the top surface of the encapsulating
material.

6. The method of claim 1, wherein the electrical arc is
generated by steps comprising:

placing an electrode over and aligned to the first electrical

connector; and

applying a voltage between the first electrical connector

and the electrode.

7. The method of claim 6, wherein the package substrate
further comprises a second electrical connector electrically
connected to the first electrical connector, wherein the first
electrical connector and the second electrical connector are
on opposite sides of the package substrate, and the method
further comprises:

connecting the electrode to a first end of a voltage source;

and

connecting the second electrical connector to a second

end of the voltage source.

8. A method comprising:

disposing an electrical connector onto a metal pad of a

package substrate;

encapsulating a bottom portion of the electrical connector

in an encapsulating material, wherein a curved sidewall
of the encapsulating material contacts a portion of the
electrical connector;
removing a top portion of the electrical connector until a
recess is generated extending from a top end of the
electrical connector into the electrical connector;

placing a package component over the package substrate,
wherein a solder region of the package component
extends into the recess; and

performing a reflow to bond the package component to

the package substrate, wherein the solder region is
reflowed.

9. The method of claim 8, wherein the disposing the
electrical connector comprises:

coating a solder paste over the metal pad;

placing the electrical connector on the solder paste; and

performing a heating process so that the solder paste joins

the electrical connector to the metal pad.

10. The method of claim 9, wherein during the heating
process, the electrical connector is not molten.

11. The method of claim 9, wherein during the heating
process, the electrical connector is reflowed.

12. The method of claim 11, wherein during the reflow to
bond the package component to the package substrate, the
electrical connector is reflowed again to join to the solder
region.

13. The method of claim 8, wherein the removing the top
portion of the electrical connector is performed until all
remaining portion of the electrical connector is lower than a
top surface of the encapsulating material.

14. The method of claim 8, wherein the removing the top
portion of the electrical connector is performed by forming
an electrical arc to evaporate the top portion of the electrical
connector.
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15. The method of claim 14, wherein the forming the
electrical arc comprises:

connecting an electrode to a first end of a voltage source;

connecting the electrical connector to an opposite second

end of the voltage source; and

moving the electrode to approach the electrical connector

until the electrical arc is formed.

16. The method of claim 15, wherein the second end of
the voltage source is connected to the electrical connector
through an additional electrical connector, and the electrical
connector and the additional electrical connector are on
opposite surfaces of the package substrate.

17. A method comprising:

disposing an electrical connector onto a top surface of a

package substrate;

encapsulating a bottom portion of the electrical connector

in an encapsulating material;

removing a top portion of the electrical connector to form

a recess in the encapsulating material, with a remaining
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portion of the electrical connector being under the
recess, wherein a top surface of the remaining portion
of the electrical connector is curved,

placing a package component over the package substrate,

wherein a solder region of the package component
extends into the recess to contact the electrical connec-
tor; and

performing a reflow to bond the package component to

the package substrate, wherein the solder region is
reflowed.

18. The method of claim 17, wherein the recess is formed
by using an electrical arc to remove the top portion of the
electrical connector.

19. The method of claim 17, wherein the electrical con-
nector is formed of a non-solder metallic material.

20. The method of claim 17, wherein the electrical con-
nector is formed of solder.
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